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@ A gas sampling system utilizing a pair of parallel 
constant flow orifices (58,64). One (58) of the orifices 
is connected to a source of filtered, heated samples. 
The second, larger orifice (64) is connected to a 
source (60) of dilution gas. A vacuum pump (48) 
maintains a substantial vacuum behind the orifices 
(58,64), thus assuring critical flow therethrough. The 
sample and diffusion gas are mixed behind the 
orifices (58,64) and transported under partial vacuum 
for analysis. The dewpoint of the sample is affected 
by both the ratio of the diameter of orifices (58,64) 
and the degree of vacuum transporting the gas mix- 
ture. As such, the dew point can be varied over a 
wide range by selected combinations of orifice ratio 
and vacuum pump strength. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention generally relates to extractive 
gas sampling systems such as are used for analy- 
sis of process gases or fossil feel combust! ve gas- 
es being vented through a stack. 

Description of the Prior Art 

An important category of extractive gas sam- 
pling relates to the compliance monitoring require- 
ments enforced by the United States Environmental 
Protection Agency (EPA). Many sources of air pol- 
lution, such as fossil-fueled power plants, inciner- 
ators, metal smelters, and cement kilns, are re- 
quired to monitor levels of certain gaseous species 
that are released into the atmosphere. These spe- 
cies include sulfur dioxide, nitrogen oxides, carbon 
monoxide, carbon dioxide and oxygen. The EPA 
standards for compliance monitoring systems are 
delineated in Volume 40 of the Code of Federal 
Regulations. 

The gas streams to be monitored typically 
have certain intrinsic characteristics which com- 
plicate testing. For example, they generally contain 
6% to 20% by volume of evaporated moisture, 
which results in a sample dew point well above that 
of normal ambient temperatures. Also, the gas 
streams often contain significant amounts of con- 
densed moisture in the form of entrained water 
droplets and fog. Acid gases, such as sulfur diox- 
ide are also generally present. Additionally, the gas 
streams invariably contain large quantities of par- 
ticulate debris such as soot, fly-ash from fossil 
fuels and process material. 

In order to analyze a sample for its gaseous 
constituents, it Is necessary to remove the par- 
ticulates and transport the sample to a remote 
location suitable for the operation of gas analysis 
instrumentation. For accurate measurements and 
for reliability of the test equipment, it is necessary 
to ensure that moisture and gases will not con- 
dense either in the sample probe, the sample lines, 
or the analyzers. However, the methods used to 
accomplish these goals must not themselves alter 
the samples in a way that negatively impacts test- 
ing accuracy. In the past, two basic types of sam- 
pling systems have been developed for analysis of 
gaseous mixtures. 

The first type, the traditional extractive system, 
is shown in Figure 1. Many vendors have supplied 
similar systems over the years. This system, how- 
ever, has proved to have many undesirable 
drawbacks as described below. 

The second type, illustrated in Figure 2, is a 
venturi dilution probe system. This type of system 



wao developed in the 1980s primarily in response 
to perceived inadequacies with the traditional sys- 
tem. As discussed more fully below, however, the 
venturi probe system is also not without disadvan- 
5 tages. 

SUMMARY OF THE INVENTION 

A gas sampling system practicing the present 
70 Invention utilizes a pair of sonic orifices. One of the 
orifices is connected to a source of filtered, heated 
samples. The second, larger orifice is connected to 
a source of dilution gas. A vacuum pump maintains 
a substantial vacuum behind the orifices, thus as- 
75 suring critical flow therethrough. The sample and 
dilution gas are mixed behind the orifices and 
transported under partial vacuum for analysis. The 
dew point of the sample is affected by both the 
ratio of the diameter of orifices and the degree of 
20 vacuum transporting the gas mixture. As such, the 
dew point can be varied practically indefinitely 
within a range of orifice ratio and vacuum pump 
strength. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a diagram of a prior art system 
utilizing a heated sample line for transporting the 
sample. 

30 Rgure 2 is a diagram of a prior art system 

utilizing a dilution probe. 

Rgure 3 is a diagram of a present preferred 

embodiment of the vacuum dilution extractive gas 

sampling system of the invention. 
35 Rgure 4 is a perspective view, partially cut 

away of a present preferred probe for use with the 

invention. 

Rgure 5 is a cross-sectional view taken along 
line 5-5 of Figure 4. 

40 

DETAILED DESCRIPTION 
Prior Art Systems 

45 Rgure 1 illuoirates the traditional extractive 

system. Pump 10 draws gas through heated probe 
12 from a gas stream moving within stack 14 as 
shown by arrow A. The sample is then transported 
to a remote location through a heat-traced sample 

50 line 16. Typically, probe 12 and sample line 16 are 
heated to about 250 ° F to prevent condensation of 
the moisture or acid in the sample. Next, the sam- 
ple is drawn through a "chiller" 18 which lowers 
the sample temperature to approximately 35 'F. 

55 The water vapor thus condenses and is drained 
away at drain 20. The sample, now dry, is then 
reheated and transported through analyzer 22 
which measures the constituents of interest. The 
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gas sample is maintained at or near atmospheric 
pressure during all of this process. 

A iiuiTiL>cf of minor variations have been made 
or: U lb basic design. Sometimes the pump is lo- 
ujictj L'uturc tht; analyzer. Sometimes the gas 
sa/nf'io IS diluted via the addition of nitrogen or air 
pnof to analysis for the purpose of bringing the 
sample concentration within the range of the ana- 
lyjcfs. The analyzer and sample pump are some- 
times heated so that the chiller may be omitted. 

This traditional design presents a number of 
drawbacks and limitations. Rrst, in order to move 
the sample tc a remote location within an accept- 
atio Uvno ponod (EPA requires a 15 minute system 
roeponso timo. and process applications demand 
Q\njn a qijickof response) the sample must be large 
- typically in the order of two to five liters per 
m nuto B^-causc the amount of particulate asso- 
ciated with such large samples would quickly clog 
ary fine filter, only a coarse filter 24. such as the 
lyrv^ rofiMriirrnd of sintered metal or ceramic, can 
tv- usr«l Fvon a coarse filter, however, will tend to 
clog ovory few hours in this system. To clean the 
filter, a blow-back design is required. For this pur- 
pose compressed air source 26 feeds surge tank 
28 wmcn is located near ball valve 30. When valve 
30 ooens pressurized air in tank 28 is released, 
thereby purging filter 24 of impurities. Since valve 
30 IS con-inually exposed to the stack sample, 
however. It can develop leaks which distort the 
sample. 

This design also requires use of large amounts 
of calibration ("cal") gas. Cal gas is a gas sample 
containing a known concentration of the species to 
be measured. This is used to run a calibration 
check on the accuracy of the measuring equip- 
ment. The EPA requires that such a calibration 
check be run daily using "Protocol-1" gases that 
may typically cost $400 for a small bottle. A similar 
technique using "zero gas" is sometimes em- 
ployed to null the species detectors. Referring 
again to F«gure 1, the cal gas is fed in the tradi- 
tional design from cal gas source 32 through line 
34 to a location on probe 12 which is behind filter 
24. Thus, deleterious effects of filter 24 such as 
scrubbing of sulfur dioxide by alkali particles there- 
on are not checked by the cal gas. 

The design has a number of "weak links", 
which make it inherently unreliable. For example, if 
chiller 18 fails, analyzer 22 and pump 10 will likely 
be destroyed. Additionally, failure of heat tracing 
sample line 16 will result In condensation and con- 
tamination that can necessitate replacement of the 
line and all downstream plumbing. Heat traced line 
is significantly more expensive than unheated line. 
Also, since ball valve 30, analyzer 22 and pump 10 
are exposed to high levels of acidic gases and to 
the fine particulates which permeate coarse filter 



24, the service life of these components is reduced 
considerably. 

Furthermore, when this design utilizes a chiller, 
a serious measurement methodology problem is 
5 presented. Specifically, gas concentrations are 
measured on a dry basis (I.e. with the moisture 
removed). Pending EPA regulations strongly favor 
making the concentration measurement on a wet 
basis (including vapor-phase moisture). 

70 The second general type of prior art system, 

the dilution probe, is depicted as Figure 2. In this 
design, the rate of stack sample extraction is con- 
siderably smaller than Is the case with the tradi- 
tional system of Rgure 1. Here, gas is drawn 

75 through a fine filter 35 into a device known as a 
"sonic orifice" or "critical-flow orifice." Sonic orifice 
36 is so called because it meters a constant volu- 
metric flow provided that a substantial vacuum ex- 
ists behind the orifice. Stated another way, a pres- 

20 sure drop of greater than two to one (2:1) 
thereacross will induce a generally constant flow. 
Orifice 36 can typically be sized to permit flow as 
low as 20 cc per minute and as much as 200 cc 
per minute. Vacuum on the back side of orifice 36 

25 is maintained by a venturi 38 which Is driven by 
compressed air source 40. Venturi 38 also serves 
to provide clean, dry dilution air which lowers the 
sample point. The entire venturi/oriflce assembly is 
constructed within nonheated probe 42 such that 

30 the dilution is accomplished at essentially stack 
temperature. The diluted sample Is then sent to 
analyzer 43 at approximately atmospheric pres- 
sure. 

This technique overcomes some of the defl- 
35 ciencies of the traditional extraction system. For 
example, cal gas 44 and zero gas 45 may be 
introduced upstream of filter 35 which will allow 
checking of deleterious filter effects. However, sig- 
nificant drawbacks remain. For example, because 
40 orifice 36 is a true critical-flow device, while venturi 
38 is not, the dilution ratio is a function of tempera- 
ture. If the process temperature varies consider- 
ably, the probe will need to be temperature con- 
trolled. Additionally, if the gas stream being sam- 
45 pled is fully saturated, condensation will occur on 
filter 35 and orifice 36 before dilution can occur. In 
these applications, it is necessary to heat the probe 
anyway. 

Furthermore, in order to prevent condensation 
50 in unheated transport line 46, it is necessary to 
lower the dew point to below the expected ambient 
temperature. In cold climates dilution ratios of up to 
350:1 are needed. Ratios of this magnitude pose 
several problems. First, the concentration of the 
65 gas constituents of interest may be lowered to a 
level below the sensitivity of commercially available 
analyzers. For example, the best carbon monoxide 
analyzers can only measure down to five parts-per- 
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million (5 ppm) with good accuracy. Many facilities 
must measure actual stack concentrations of the 
order of 50 ppm. Stack gas having about 50 ppm 
of a constituent diluted by the dilution ratio 
achieved in the prior art system of Figure 2 re- 
duces the concentration to well below 5 ppm. An- 
other problem with high dilution ratios is that the 
overall system will become sensitive to minute 
impurities in the dilution air. As an lilustration, 0.1 
ppm of CO In the dilution air of the above example 
will be measured by the system as (350)x(0.l ppm), 
the product of which Is thirty-five parts per million 
(35 ppm). The analyzer will be unable to differen- 
tiate between this error and the actual stack level of 
CO. 

Moreover, the only commercially available ver- 
sion of this device uses a venturi that is useful only 
with flows of between four and seven liters per 
minute. This also poses several problems. For ex- 
ample, this large a flow of the dilution gas effec- 
tively militates against the use of bottled gas which 
would be prohibitively expensive. Thus, compres- 
sor air must be used along with a concomitant 
array of scrubbers, dryers, and the like to remove 
contaminants. Since most analyzers only require a 
flow in the order of 0.5 liters/minute, most of the 4- 
7 liters of diluted sample are wasted. Another prob- 
lem Is that, for a given sized orifice, there are limits 
to the dilution ratios that can be achieved. 

Additionally, venturi 38 is generally embedded 
in a very expensive probe assembly. Thus, con- 
tamination, such as could occur If the orifice as- 
sembly, which Is typically made of glass, would 
break, necessitates replacement of a very expen- 
sive piece. 

Description of Present Preferred Embodiments 

In accordance with the present Invention, a gas 
sampling extraction system and method are pro- 
vided which overcome many of the disadvantages 
of the existing technology. The system utilizes a 
pair of sonic orifices. One of the orifices provides a 
constant flow of sample gas and the other provides 
a constant flow of dilution gas. The resulting mix- 
ture is transported under substantial vacuum and 
repressurized to typically about one atmosphere 
prior to analysis. 

Figure 3 illustrates a present preferred embodi- 
ment of the gas sampling extraction system of the 
invention. Gas from a system such as a gas stream 
moving within stack 47 is drawn by sample pump 
48 into collection probe 50. The gas is preferably 
first filtered. Next, the sample passes through capil- 
lary tube 56 which Is within probe 50. After leaving 
tube 56, the sample gas enters sample conduit 57 
which has sample orifice 58 therein. Dilution gas is 
preferably simultaneously drawn at a controlled 



pressure by pump 48 from dilution gas source 60 
into dilution gas conduit 62 and through dilution 
orifice 64 therein. Typical suitable dilution gases 
may be compressed air, carbon dioxide and nitro- 
5 gen, depending on the sample gas and tlie ana- 
lyzers which are desirable to be used. In order for 
the sample and dilution gas to be drawn simulta- 
neously, orifices 58 and 64 are arranged in parallel. 
Specifically, conduits 57 and 62 intersect down- 

10 stream of the orifices, forming mixing conduit 67 
where mixing of the sample and dilution gas oc- 
curs. Since pump 48 maintains a substantial vacu- 
um In conduit 67, the flow rate through orifices 57 
and 62 is essentially constant Thus, a constant 

75 dilution ratio is achieved. 

Conduits 57, 62 and 67 may be constructed of 
any suitable inert material. Some possible materials 
for this purpose are glass or a corrosion resistant 
metal alloy such as Hastalloy® corrosion resistant 

20 alloys or corrosion resistant polymeric materials 
such as Teflon® material. Particulariy, Hastalloy® 
C-22 may be suitable. Orifice 58 may be as small 
as 0.0012 Inches which corresponds to a flow rate 
of 7.5 cc per minute. This is much less than the 20 

25 CC per minute used In the venturi dilution system 
shown In Figure 2. For a dilution ratio of 25:1, 
dilution orifice 64 must be five times larger in 
diameter than orifice 58, or 0.006 Inches in this 
example. This gives a flow rate of 185 cc per 

30 minute of dilution gas if the dilution gas Is delivered 
at barometric pressure. If the dilution gas Is pro- 
vided at a higher pressure, e.g., 8.8 psig. the flow 
will be 300 cc per minute and the dilution ratio will 
be 40:1. As this is a much smaller rate than the 

35 prior art, it is possible to use bottled dilution gas 
from gas cylinders instead of plant instrument air 
or compressor air. This completely eliminates prob- 
lems with contamination in the dilution gas. Fur- 
thermore, by suitable selection of the orifices. It is 

40 possible to achieve any volumetric dilution ratio 
desired over a range of 1:1 to 250:1. For any 
specific set of orifices, It Is possible to adjust the 
volumetric dilution ratio over a 1:1 to 10:1 range by 
simply adjusting the dilution gas pressure. Thus, 

45 the system enjoys a level of flexibility previously 
unattainable. 

It is desirable to maintain orifices 58 and 64 in 
a temperature stabilized dilution chamber such as 
heated chamber 66. Chamber 66 is mounted en- 

50 gaging mounting nipple 68 which protrudes from 
wall 70 of stack 47. If the temperature in the 
dilution chamber is maintained at a fairly constant 
figure, the dilution ratio will be impervious to stack 
temperature variation. A temperature of 250 'F. has 

55 been found suitable for this purpose since it is well 
above the dew point of most stack gases. 

Typically, the dilution ratio should be chosen 
such that the dew point is lowered to below 30 • F. 
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Dew points below this temperature are generally 
not harmful to the analyzing equipment since such 
equipment operates at a higher temperature. Thus, 
condensation will not occur. Generally, dilution ra- 
tios between 10:1 and 50:1 will accomplish this 
dew point lowering. However, a dilution ratio of 
even 50:1 will generally not alone lower the sample 
dew point enough for use in a cold climate since 
conduit 67 may frequently be exposed to tempera- 
tures below 30 'F. For this reason, sample pump 
48 transports the mixture under a substantial vacu- 
um, which lowers the dew point further. The com- 
bination of actual volumetric dilution in vacuum 
transport makes it possible to lower the dew point 
below the coldest expected ambient temperature 
without actually reducing the relative concentration 
of the species of interest to the undesirably low 
levels of the prior art devices. Specifically, it is 
generally possible to easily lower the dew point to 
-15 • F using this technique. 

The sample mixture next enters the vacuum 
side of sample pump 48 and exits the pressure 
side of sample pump 48 at essentially atmospheric 
pressure. It is not essential, however, that the ana- 
lyzer 69 be placed on the pressure side of pump 
48 and in other applications it may be desirable to 
place the analyzing equipment on the vacuum side 
of the pump. Thus, the species of interest are 
presented to analyzer 69 at a dilution ratio of only 
approximately 40:1 in the present example. To get 
the same dew point lowering with the prior art 
devices, the sample would have been presented to 
the analyzer with a dilution ratio of approximately 
266:1. This would be unacceptable low in many 
cases for the reasons discussed above. Another 
advantage of transporting the sample under sub- 
stantial vacuum is that rapid movement of the 
sample may be accomplished with a smaller sam- 
ple rate. That is to say at reduced pressure, a 
sample of approximately 300 cc per minute will 
move through the sample line as fast as a much 
larger sample would have moved at barometric 
pressure. 

The preferred transport pressure for the sys- 
tem shown in Figure 3 is 0.15 atmosphere or lower. 
Commercially available sample pumps could op- 
erate at as low as 0.075 atm. The use of more 
expensive sample pumps capable of achieving 
these lower pressures, however, is only necessary 
in the event that: (I) the actual dilution ratio must be 
kept low out of a need to operate on the range of a 
specific analyzer; and (2) a low ambient tempera- 
ture is expected. In a warm climate it will be 
possible to achieve a sufficiently low dew point in 
conduit 67 with both a low dilution ratio and a 
relatively inexpensive pump. For purposes of 
achieving critical flow the pump only needs to 
achieve a vacuum of approximately 0.4 atm pres- 



sure. 

Figure 4 illustrates a presently preferred em- 
bodiment of a collection probe 50 practicing the 
present invention. Probe 50 comprises a generally 
5 hollow cylindrical body 72 which may typically be 
from three to six feet in length. An end cap 74 is 
mounted on the end of body 72 which will be 
exposed to the gas stream. Inside of body 72 are 
sample gas capillary tube 56 and cal gas capillary 

10 tube 76. Typically, these tubes would be con- 
structed of glass. Tube 56 and 76 both extend into 
filter holder which contains fine filter 54. Tube 56 
terminates just downstream of filter 54 while tube 
76 extends through filter holder 55 to a point just 

76 upstream of filter 54. Tubes 56 and 76 are main- 
tained in position within body 72 by a series of 
spacers, such as spacer 78. These spacers are 
typically constructed of a resilient material, such as 
Teflon® material, in order to damp vibrations and 

20 the like which could damage the tubes. 

A mounting flange 80 is attached to the other 
end of body 72. Mounting flange 80 Is adapted to 
engage a mounting nipple, such as nipple 68 of 
Figure 3, to maintain probe 50 in position. Also at 

25 this end of probe 50 are the various plumbing 
connections between sample probe 50 and the rest 
of the system. Sample conduit 57 is shown coup- 
led to dilution gas conduct 60 using a T-coupling 
82. The mixture then exits through mixing conduit 

30 67 to pump 48 and eventually to at least one 
analyzer 69. After leaving analyzer 69, the sample 
is generally vented to the atmosphere. Zero gas 
and cal gas enter tube 76 through zero gas conduit 
84 and cal gas conduit 86. As discussed above, all 

35 of these connections are housed within a tempera- 
ture controlled chamber 66 (figure 3) to maintain 
approximately constant flow rates. An inner wall 88 
of chamber 66 is shown in Figure 4. Wall 88 is 
attached to mounting flange 80 using bolts such as 

40 bolt 90. 

Referring to Figure 5, the interior construction 
of end cap 74 is illustrated. Cap 74, which is 
typically made of Teflon® material, contains a 
number of leakage paths 96 through which, for 

45 example, furnace flue gas in a stack is introduced 
to sample channels 97. Channels 97 are situated 
within filter holder 55 to the front of fine filter 54. 
Leakage paths 96 and sample channels 97 effec- 
tively constitute a coarse filter for removal of en- 

50 trained water droplets and large particulates. Gas 
then passes through fine filter 54. Fine filter 54 
may be constructed of quartz wool or the like. 
Next, the sample passes through channel 98 to 
capillary tube 56. Although not evident in Figure 4, 

55 support tube 93, which is typically made of Teflon® 
material, surrounds tube 50 to provide mechanical 
support at this point. Similarly, support tube 94 
supports cal gas capillary tube 76. Support tubes 
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93 and 94 are maintained in position by spacer 78. 

HcaiinQ means, such as heater wire 92, which 
iii tyL>«cal!y made of 316 stainless steel or suitable 
cuML»i-»C'"-fu:>iiianl fiialerial, may be provided in the 
Ldiu in which the slack gases are fully saturated. 
Wjie 92 serves to heat the cavity of filter holder 55 
in wnicn fine filter 54 is located. Heater wire 92 
further serves to warm sample gas capillary tube 
56 and cal gas capillary tube 76 to prevent con- 
densation m either region. Wire 92 then forms a 
coil 99 around the outside of filter holder 55 by 
entering through the annular space between tube 
56 anc cupport tube 93 and returns similarly 
through ttKi soaco between cal gas tube 76 and its 
support tuDo 9-1 Filior holder 55 may be made of 
Tofkrv*" rraienal and is further equipped with O- 
rings. such as 95. which protect wire 92 and the 
general internor region of probe 72 from corrosive 
attack by acid gases and from condensation of 
stacK moisture 

It ran thus hn snen that a novel system and 
method of nriractive gas sampling for the analysis 
of prorosf gases or fossil fuel combustive gases 
have tx>cn provided. The dew-point lowering re- 
quired for sample transport without heated lines is 
accomplished by a combination of volumetric dilu- 
tion and transport under substantial vacuum. Other 
benefits include reduced usage of dilution gas suf- 
ficient to permit use of bottled dilution gases, mea- 



means (60) for supplying a dilution gas and 
having a second orifice (64) through which 
the dilution gas Is drawn; 
e) a mixing conduit (67) attached to the first 
(57) and second (62) conduits in which the 
system gas and the dilution gas are mixed 
to form a mixture; 



f) a pump (48) attached to the mixing con- 
duit (67) for drawing a vacuum on the mix- 
ture and repressurizing the mixture. 

5 2. An apparatus according to claim 1 in which the 
collection probe (50) includes a filter (54) 
through which the system gas is drawn. 

3. An apparatus according to claim 1 or claim 2 
70 in which the means (60) for supplying a dilu- 
tion gas is a compressed gas cylinder. 

4. An apparatus according to any preceding 
claim, further comprising means for supplying 

75 a calibration gas to the collection probe (50). 

5- An apparatus according to any preceding 
claim, further comprising an analyzer (69) con- 
nected to the mixing conduit (67). 

20 

6. An apparatus according to any preceding claim 
in which the first (58) and second (64) orifices 
are disposed in a thermostatically controlled 
heated chamber (66). 

An apparatus according to any preceding claim 
in which the collection probe (50) is provided 
with a tube (56) through which the gas sample 
passes, the tube (56) being connected to the 
first conduit (57) and being provided with heat- 
ing means (92) for wamning the gas sample 
passing through it. 

8. A method of extractive gas sampling from a 
system, the method comprising: 

a) drawing a portion of gas from the system 
(47) through a first orifice (58); 

b) diluting the portion drawn from the sys- 
tem with a dilution gas drawn through a 
second orifice (64) to form a mixture of the 
dilution gas and the system gas; 

c) drawing a vacuum on the mixture to 
provide a first desired flow of the portion 
drawn from the system through the first 
orifice (58) and a second desired flow of the 
dilution gas drawn through the second ori- 
fice (64), thereby providing a known dilution 
ratio; 

d) transporting the mixture to an analyzer 
(69): and 

e) establishing and maintaining the de- 
wpoint of the mixture below a preselected 
temperature level. 

55 9. A method according to claim 8 in which the 
dewpoint of the mixture is established and 
maintained below the preselected temperature 
level by selecting the dilution ratio of the mix- 



25 



suremcnt of species that could not be measured 30 
were the volumetric dilution too high, fast response 
time, and flexibility in setting dilution ratios. 

As a presently preferred embodiment is de- 
scribed and shown herein, it is to be understood 
that various other embodiments and modifications 3S 
can be made within the scope of the following 
claims. 



Claims 



40 



An apparatus for collecting a gas sample from 
a system, the apparatus comprising: 

a) a collection probe (50) adapted to draw a 
portion of gas from the system (47); 

b) a first conduit (57) connected to the 45 
probe (50) and having a first orifice (58) 
therein through which the system gas is 
drawn: 

c) means (60) for supplying a dilution gas; 

d) a second conduit (62) connected to the so 



6 



11 EP 0 638 796 A1 12 



ture and the pressure at which the mixture is 
transported. 

10. A method according to claim 9 in which the 
dilution ratio is selected by selection of the 5 
diameters of the orifices (58,64). 

11. A method according to clainn 9 or claim 10 in 
which the dilution ratio is selected by adjusting 

the pressure at which the dilution gas is sup- io 
plied. 
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